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The clinical  histories  of two different  types of mammary  cancer in the 
rabbit were described in the preceding paper.  It was observed that the 
differentiating  clinical  feature  of  the tumors was the  occurrence of  a charac- 
teristic  antecedent breast  history  in  one type.  Pathological study supports 
this  distinction  and discloses  additional  differences  in  morphology and mode 
of development.  Repeated examination of  mammary  tissue  obtained dur- 
ing different  developmental stages of the disorder shows the presence of a 
continued disease  process which in  one case  is  neoplastic  from the start,  but 
in the other originates  as an apparently unrelated pathological state  and 
progresses through non-invasive  neoplasia to cancer.  The object of the 
present paper is  to describe the general histological  changes which charac- 
terize  the  various developmental stages. 
Histological Classification  of Tumors 
The  relation  of human  and  animal  tumors is not entirely  clear  and  the 
applicability  of  the  histological  criteria  used  in  human  pathology  to  a 
differentiation  of benign  and  malignant  growths  in  the  rabbit  is  open  to 
question.  The  use of such  criteria  is  based  entirely  on  experience  which 
does  not  necessarily  carry  over  to  other  species.  Since  experience  with 
rabbit  tumors is limited  and  the  significance of abnormal  cell structure to 
the eventual fate of the growth and of the animal has not been determined 
with certainty, it seems wiser for the present, at least, to adopt a classifica- 
tion  based  on  tissue  relations  rather  than  on  cell  morphology.  In  the 
present classification, therefore, growths which may show all the abnormal 
cellular morphology associated with malignant  tumors in man but remain 
confined within  normal boundaries will not be referred  to as cancers;  this 
term will be applied only if the neoplastic cells have invaded and appear to 
have proliferated in foreign locations. 
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The  clinical  classification  of  the  tumors  based  on  antecedent  breast 
history  is  represented  on  histological  examination  by  distinctive  differ- 
ences in  morphology and  mode of development.  Tumors in cystic breasts 
arise  as  papillomata  from  the  epithelial lining  of dilated  acinar and duct 
walls  and  after  continued  growth  form  multiple  radicles  which  anasto- 
mose with the production of numerous acinus-like structures.  Growths of 
this  type  are  classified  as  anastomosing  papillomata  rather  than  as  cyst 
adenomata to distinguish them from tumors of the second type which origi- 
nate in normal breasts, appear to arise from a proliferation of true acini, and 
are more accurately classified as adenomata.  8 of the anastomosing papil- 
lomata progressed to cancer, 7 did not show invasive growth at the time of 
death  and  2  are  still  under observation.  The  course of the  disorder was 
terminated in 2 instances while the breasts were in a state of sessile epithelial 
neoplasia, and the condition has progressed to a  similar stage in one living 
animal.  In one additional instance, an animal  was killed while the papil- 
lomata were in an early uniradicular stage.  In  the second class,  3  adeno- 
mata  advanced  to  carcinomata  and  one  showed  no  invasive  changes  at 
autopsy. 
Tumors Originating  at the Site of Preexisting Cystic Disease 
The  progress  of  mammary  changes  leading  to  cancer  was  followed  by 
frequent biopsy examination which showed the occurrence of cystic disease, 
benign neoplasia and invasion as succeeding events in the breast.  In other 
instances the terminal phase was one of benign neoplasia but the develop- 
mental course was identical with that noted in growths which subsequently 
progressed  to  cancer.  For  convenience,  therefore,  the  disorder  will  be 
described as it occurred in cases which advanced to invasion and terminated 
in metastasis. 
Cystic Disease.--The stage of engorgement which precedes the occurrence of cystic 
disease in the majority of cases is characterized microscopically by a marked increase in 
the number of active gland fields which, however, remain discrete and do not coalesce 
as in lactation hypertrophy.  The interlobular connective tissue is abundant, loose and 
edematous.  Sections  obtained from the early granular tissue  which persists after the 
subsidence  of engorgement show  a  condensation of more mature, fibrous  connective 
tissue about gland fields which appear shrunken and smaller.  Individual acini are not 
increased in size, secretion is absent and the epithelium is low and atrophic so that their 
lumina appear enlarged.  At a later period, however, acini in different portions of a 
gland field are dilated and may contain a pale eosin-staining  secretion.  The epithelium 
remains  low and atrophic in the great majority of dilated acini, but in scattered focal 
groups it becomes columnar in shape and deeply basophilie.  In such cases, the lumen 
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With progress of the disease and extension of the focal granular areas into large, pan- 
cake-like masses, microscopic examination shows an  abundance of cysts of varying size 
and appearance, dilated ducts and  normal appearing gland fields.  The cysts obviously 
arise from dilated acini but the mechanics of the dilatation is obscure.  Frequently, the 
duct draining a gland field is widely dilated, yet its acini remain unaffected.  All of the 
acini of a gland field are rarely involved, some are widely dilated but others in an adjacent 
position are unaltered in structure (Fig. 2).  The lining epithelium is low and appears 
stretched in the majority of cysts, but in other positions in the same or in different fields 
it is columnar and occasionally more than one cell in depth. 
Sections from more advanced cases show pronounced dilatation of the majority of 
acini in a gland field (Fig. 3).  Septal walls are thin and are frequently ruptured so that 
a  whole field may be converted into a  single, large cyst.  Dilatation is less marked in 
acini lined by low atrophic epithelium and gland fields made up of such elements do not 
expand and coalesce but remain discrete and are surrounded by fibrous connective tissue 
containing numerous elastic  fibers.  On  the other hand,  gland fields containing cysts 
lined by higher epithelium are distorted by expansion and neighboring fields coalesce. 
The unaffected acini are compressed, hardly recognizable, and may appear as unrelated 
structures  in  the  connective  tissue immediately surrounding  the  dilated areas.  The 
epithelial lining cells are frequently arranged in multiple layers but remain orderly and 
show no changes suggestive of neoplasia.  The histological features which distinguish 
ducts and their acini in normal breast tissue are almost entirely lost; both dilated ducts 
and cystic acini are lined by similar epithelium and the distinctive subepithelial elastic 
layer can only be detected as scattered fine fibrils in occasional dilated ducts. 
Stage of Non-Invasive Neoplasia.--After  a  variable period of time, early neoplastic 
foci are found widespread throughout the tissue in both dilated ducts and cystic acini. 
They may occur as small, sessile growths composed entirely of epithelium or as uniradicu- 
lar papillomata with a thin, delicate connective tissue stalk (Figs. 4 and 5).  They may 
be found in all breasts and all stages of development are frequently seen in different 
sections of the same gland. 
Purely epithelial growths are not found in later stages and it is assumed that they 
excite a connective tissue proliferation and appear in subsequent sections as papillomata. 
The papillomata rapidly become multiradicular; their branches unite with each other 
and with the branches of adjacent growths forming epithelial lined spaces resembling 
true acini.  The walls of these spaces in turn give rise to papillary growths and there 
results an extremely complex structure comparable to that observed in human breasts 
and referred to as intracystic adenomata (Fig. 6).  The tumors are not invasive at this 
stage and, with continued growth, the cyst or duct of origin is further expanded and the 
tumor may extend into all the radicles of the gland (Fig. 7).  A point to be especially 
emphasized is the widespread nature of the process.  Neoplasia is not localized as in the 
human disorder but usually occurs in separated regions throughout the mammary system. 
Eventually, cellular changes resembling those associated with  malignancy in  man 
dominate the picture and  occur in growths in widely separated regions.  Lining cells 
varying in size and shape are arranged in multiple disordered layers.  Nuclei are hyper- 
chromatic,  extremely  irregular  in  structure  and  mitotic  figures  are  common.  The 
growths, however, remain confined within the walls of cysts or dilated ducts and their 
supporting stroma is not invaded.  Occasionally, one observes extensions of growth into 
small ruptured areas in the walls of cysts containing large tumors but a connection with 162  FAMILIAL  MAMMARY  TUMORS  IN  RABBIT.  II 
the main tumor is always apparent and there is always a pronounced lymphocytic reac- 
tion in the surrounding  tissues.  Subsequent biopsies show no further evidence of in- 
vasion and for these reasons such extensions have been considered merely as the passive 
filling of defects created by the rupture of overdistended  cyst walls and not as active 
invasion. 
Stage of Invasion.--The  duration of the disorder before the appearance  of invasive 
changes varies greatly in individual animals but, eventuaUy,.microscopic examination 
shows multiple loci of invasion with no lymphocytic  reaction.  The released cells usually 
maintain the characteristics  of the parent tumor and form abortive adenomatous struc- 
tures in their new locations  (Fig.  8)  but in some instances  further dedifferentiation 
apparently occurs, and the cells proliferate  in solid, medullary sheets (Fig. 9).  Early 
invasion is not limited to a single papillary growth or to a single breast but may occur 
widespread  throughout the mammary tissue.  The degree  and rapidity of invasion, 
however, differ in different locations and it is a characteristic feature of the disease that 
rapidly progressive invasion in one breast is associated with slow less active invasion in 
other breasts. 
The connective tissue response differs in individual animals and the growth rate and 
histological appearance  of the tumor vary accordingly.  Eventually, the entire breast 
is replaced by a scirrhous or medullary type of growth and the skin and muscle sheaths 
are extensively invaded. 
Time Relations.--A  determination of the duration of the various stages 
in the development of the disease is necessarily based on biopsy study, for 
definite clinical signs are not apparent until the changes which distinguish 
the advance of the condition have been present for some time.  This entails 
examination  of  relatively small  samples  of mammary  tissue  obtained  at 
more or less random intervals, and it is obvious that definite time relation- 
ships cannot be determined by the methods used in the present investiga- 
tion.  It  is  nevertheless  apparent  from  a  study of  many  cases  that  the 
length of the individual stages is extremely variable and bears no apparent 
relationship to the duration of the clinical course as a  whole.  The  cystic 
stage may be very short and the stage of non-invasive neoplasia may be 
prolonged for more than a  year while, in other  cases,  after a  long period 
of  simple  cystic  disease,  papillomata  pass  rapidly  into  cancers.  The 
epithelial cells of papillomata may show malignant changes for long periods 
of time without transgression of their normal boundaries,  and in  two in- 
stances such changes had been present without invasion for 4 and 6 months, 
respectively, when death occurred  from unrelated  causes.  On  the  other 
hand, widespread invasion has been observed 2 months after the first ap- 
pearance  of cystic changes.  The  duration of life after the appearance of 
invasion varies from 1½ to  11 months. 
Metastasis.--Metastases  have been found in 3 animals and in all of these 
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limited to these sites in one instance, while in another the mediastinal  and 
retroperitoneal nodes also contained secondary growths.  The third animal, 
on the other hand, showed a wide dissemination of metastases involving the 
pericardium,  pleura,  costal  periosteum,  liver,  pancreas,  kidneys,  supra- 
renals, ovaries and bone marrow.  It is of interest that the extent of meta- 
static dissemination bore a relationship to the length of the period of invasive 
growth in  the primary  tumor.  The  duration  of this period  was approxi- 
mately 3 months in the first case,  8 months in the second and  11 months 
in the third. 
Histologically, the primary growths in  the first and  third  animals  were 
medullary in type at the time of death and the metastases were generally 
similar in structure.  A  large thoracic tumor arising from the mediastinal 
nodes in the third animal, however, showed a  more organized growth with 
the formation of acinus-like structures, many of which were widely dilated 
with  a  pale,  eosinophilic  secretion.  The  primary  tumor  in  the  second 
animal was adenomatous at the time of death and the metastases showed a 
comparable degree of differentiation  (Fig.  10). 
Tumors Not Assodated with Preexisting Cystic Disease 
During their earliest stages of development, the four tumors of this class 
showed a  similar adenomatous structure  consisting of numerous small but 
otherwise normal appearing acini divided by fibrous bands into large lobules. 
Sections  from  adjacent  tissue  and  from  other  breasts  showed  a  normal 
structure. 
With a single exception, the morphological characteristics of the tumors in 
different animals  remained  similar with continued growth.  The variation 
occurred as a  consequence of a  greater activity of acinar epithelium  and it 
is  significant  that  the  animal  bearing  this  tumor  was of the  same family 
group  in  which  the  previously  described  neoplasia  of  acinar  epithelium 
occurred. 
This animal died at the age of 50 months after the tumor had run a clinical course 
of 10 weeks.  Microscopically, the acinar epithelium of one Iobule of the growth had 
undergone extensive proliferation.  Acini  were widely dilated and filled with stratified 
layers of polyhedral cells.  Many of the cells were  heavily vacuolated and in some  areas 
cell boundaries were indistinct or absent.  Other lobules were made up of small, irregular 
acini lined by a single layer of epithelium.  Mitotic figures were common but invasion 
was not observed (Fig. 11). 
The acinar epithelium of the tumors in the remaining animals at no time 
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the other hand, remained confined to a single lining layer and growth pro- 
ceeded through a multiplication of acini. 
One animal died at the age of 46 months, a year after discovery of the tumor.  Micro- 
scopically the greater part of the growth was made up of small, closely packed acini in 
atypical arrangement with frequent disorganized areas in which there was no attempt at 
acinar formation  and  the  structure  resembled that  of carcinoma simplex.  In  other 
parts, the acini were distended with homogeneous eosinophilic material and occasionally 
formed macroscopic cysts (Fig. 12).  There were no metastases. 
Another closely related female died at the age of 5½ years, after the tumor had run a 
course of 16 months.  The process in this instance did not remain localized to a single 
area and, while at autopsy the primary tumor had increased to a large mass, other smaller, 
rounded nodules of the same microscopic structure were found in other breasts.  Histo- 
logically, the tumors were made up of irregularly formed acini lined by low, pale epithe- 
lium  containing  mitotic  nuclei.  The  compact,  circumscribed arrangement  observed 
earlier in the primary nodule gave way to invasive growth after the 9th  month  and 
irregular strands and isolated groups of cells still in abortive acinar formation extended 
throughout the surrounding tissue (Fig. 13).  At autopsy, further dedifferen~iation with 
a complete loss of organized growth coupled with a pronounced connective tissue reac- 
tion resulted in a picture strikingly like that of scirrhous carcinoma in women.  Meta- 
static tumors were found in the regional and mediastinal lymph nodes, the lungs, pleura, 
pericardium, diaphragm, spleen and right ovary.  Histologically, the connective tissue 
reaction was less pronounced in the secondary growths but in other respects they re- 
sembled the primary tumor in appearance. 
The fourth tumor of this nature was first noted at the age of 3½ years 
and its course was followed for 16 months until terminated by death with 
metastasis. 
The first biopsy, undertaken 1 month after detection, showed a sharply circumscribed 
almond-sized nodule which on histological examination was found to be made of a com- 
pact mass of very small, acinus-like structures, some of which were elongated and slightly 
tortuous.  The epithelium was relatively higher and the lumina less distinct than was 
observed in the previous tumor.  In scattered areas acinar formation was poorly defined 
and mitotic figures were numerous (Fig. 14). 
The tumor increased slowly in size for 10 months without any observed change in 
histological characteristics other than an increase in the number of mitotic figures.  At 
this time a secondary nodule appeared in a breast of the opposite side and in the following 
2 months grew to almost twice the size of the primary tumor.  Histologically, the struc- 
ture of this tumor was radically different from that of the primary growth and from the 
beginning manifested a complete lack of organization.  There was no attempt at acinar 
formation and epithelial cells grew in solid, irregular masses and cords which infiltrated 
the connective tissue in all directions (Fig. 15). 
Following the appearance of the secondary growth,  the primary tumor showed no 
further increase in size but,  at autopsy, presented areas of more anaplastic structure 
from which direct lymphatic extensions could be traced to the daughter growth.  The 
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time of death and numerous  isolated nodules were present in the surrounding  tissue. 
Metastases of the same histological character were found in the lymph nodes of the axilla, 
groin, mediastinum and mesentery, and in the lung, diaphragm,  liver, spleen, kidney, 
suprarenals,  ovaries, cervix and vaginal wall (Figs. 16 and 17). 
SUMMARY 
The  pathological histories of two types of familial mammary cancer in 
the rabbit have been described.  One type was distinguished by character- 
istic  antecedent  mammary  changes  similar  to  those  found in  Schimmel- 
busch's disease in  women and by a  distinctive  papillary  structure.  The 
second type originated in normal breast tissue and was characterized histo- 
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EXPLANATION OF PLATES 
PLATE 13 
FIG. 1.  X10169-1.  Section of breast tissue taken after recurrent periods of engorge- 
ment.  Biopsy was performed after the peak of a phase of engorgement and the bulk 
of the gland was made up of clear, colorless fluid contained in thin-walled dilated spaces. 
The section was taken from a firmer area toward the periphery of a  breast and shows 
hypertrophied gland fields.  Many acini are dilated and distorted.  Some contain an 
eosinophilic secretion.  Hematoxylin and eosin.  >( 48. 
FIG. 2.  BE75-6.  Section of finely granular tissue which persisted after a  phase of 
engorgement.  The greater part of one gland field and segments of two others are shown. 
The  intralobular connective tissue is condensed and  is easily distinguished from the 
interlobular variety.  A  number of acini are widely dilated and contain desquamated 
cells.  In one dilated acinus, the epithelium is arranged in multiple layers and is appar- 
ently in process of desquamation.  Other acini are only slightly altered and some appear 
normal.  About the  periphery of  the  field acini  are  small and  compressed.  Hema- 
toxylin and eosin.  ×  48. 
FIG. 3.  B178.  Section of breast tissue taken during the stage of cystic disease.  A 
number of adjacent gland fields are shown.  Both intralobular and interlobular connec- 
tive tissue are reduced in amount and acini and gland fields lie in close proximity.  All 
acini are distorted and widely dilated.  Septal walls are thin and have ruptured in many 
regions so that acini intercommunicate.  Whole gland fields have been converted into 
large cysts in this manner.  Hematoxylin and eosin.  ×  20. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  70  PLATE  13 
Photographed by j'. A.  Carlile 
(Greene:  Familial mammary tumors in rabbit.  II) PLATE 14 
FIG. 4.  X1966-4.  Section of breast  tissue  showing  numerous  intra-acinar foci of 
epithelial neoplasia.  In the majority of acini, the sessile growths are purely epithelial 
in character but,  in  some  areas, a  delicate connective tissue stalk can  be made out. 
Hematoxylin and eosin.  ×  48. 
FIG.  5.  B178.  Section  of  breast  tissue  showing  uniradicular papillomata arising 
from the epithelial lining of cyst walls.  Compare with Fig. 3, which shows an earlier 
section from the same animal.  Hematoxylin and eosin.  ×  48. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  70  PLATE 14 
Photographed by J. A. Carlile 
(Greene: Familial  mammary tumors in rabbit,  i[) PLATE 15 
FIG. 6.  B240-2.  Section of breast tissue taken at a later stage in the development of 
neoplasia.  The papillomata have become multiradicular and their branches have fused 
to  form  a  complicated network of  epithelial lined spaces.  Hematoxylin and  eosin. 
×  48. 
Fro. 7.  B178.  Section of breast tissue derived from the animal whose earlier biopsy 
sections are shown in Figs. 3 and 5.  The growth has been forced into all the radicles of 
the  duct system but, despite malignant cellular changes, invasion has not  occurred. 
Hematoxylin and eosin.  ×  20. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  70  PLATE  15 
Photographed by J. A. Carlile 
(Greene: Familial mammary tumors in  rabbit.  II) PLATE 16 
FIG. 8.  B240-2.  Section of breast tissue in an advanced stage of the disorder.  In- 
vasion has occurred and the released cells grow in an abortive papillary structure resem- 
bling that of the parent tumor.  Compare with Fig. 6.  Hematoxylin and eosin.  X 48. 
FIG. 9.  B234-3.  Section of a more anaplastic tumor.  The neoplastic cells grow in 
solid medullary cords with no attempt at organization.  Hematoxylin and eosin.  X 48. 
FIG. 10.  B240-2.  Section of metastatic growth in the lung.  Hematoxylin and eosin. 
X 45. 
:FIG. 11.  B57-2.  Section of breast tumor of acinar type.  The two types of structural 
growth which characterized this tumor are shown.  The greater part of the tumor was 
structurally similar to the lower part of this figure and consisted of irregularly dilated 
acini lined by neoplastic epithelium.  Other areas were similar to the upper portion of 
the figure and were distinguished by active epithelial proliferation.  Hematoxylin and 
eosin.  ×  48. 
FIG. 12.  E126-2.  Section of breast tumor of acinar type.  The bulk of the growth 
was  made  up  of  acinus-like structures  containing an  eosinophilic secretion.  Other 
areas,  as shown in the  upper portion of  the figure,  were  less  organized in structure. 
Hematoxylin and eosin.  X 48. 
FIG.  13.  E33-5.  Section of breast tumor of acinar type.  The characteristic struc- 
tural element was an irregularly formed acinus-like body lined by pale vacuolated epi- 
thelium containing numerous mitotic figures.  The  abortive acinar arrangement was 
preserved after invasion as is shown in the upper portion of the figure.  Hematoxylin 
and eosin.  ×  48. THE  JOURNAl-.  OF  EXPERIMENTAL  MEDICINE VOI_.  70  PLATE  16 
Photographed by .l.A. Carlile 
(Greene:  Familial mammary tumors in rabbit.  II) PLATE 17 
FIG. 14.  T36-1.  Section of primary tumor taken shortly before death.  This growth 
was  characterized by a  closely packed arrangement  of rounded or slightly elongated 
acinus-like structures embedded in a  minimum of stroma and showed little structural 
change throughout its course.  Hematoxylin and eosin.  X 310. 
FIG. 15.  T36-1.  Section of secondary tumor in an adjacent breast taken on thesame 
day as the previous section.  This growth from the beginning showed a  total lack of 
organization and cells grew in solid infiltrating cords.  Hematoxylin and eosin.  ×  310. 
FIc. 16.  T36-1.  Metastasis in the lungs and spleen.  Despite the almost complete 
obliteration of lung tissue by  secondary growths, death did not  occur  naturally and 
the animal had to be killed.  Hematoxylin and eosin.  ×  1.18. 
FIG. 17.  T36-1.  Section of suprarenal showing the characteristic microscopic appear- 
ance of metastases.  There is no connective tissue or other local reaction.  The  sur- 
rounding  tissue  is  not  compressed and  growth  was  apparently invasive rather  than 
expansive.  Hematoxylin and eosin.  X 40.5. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  70  PLATE 17 
Photographed  by ].  A.  Carlile 
(Greene:  Familial mammary tumors  in rabbit.  II) 